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Description 
Technical Field 

[0001] The present invention relates to uniform inor- 
ganic microspheres and to a method of producing the 
same. 

Prior Art 

[0002] A method of producing inorganic microspheres 
is disclosed in Japanese Patent Publication No. 54- 
6251 and No. 57-55454. 

[0003] Said method comprises mixing an aqueous 
solution of an inorganic compound with an organic sol- 
vent to give a w/o type emulsion and causing precipita- 
tion of emulsion particles formed in said emulsion to 
thereby obtain inorganic microspheres. 
[0004] However, it is difficult to produce inorganic 
microspheres substantially uniform in particle size by 
the above method. The inorganic microspheres 
obtained by said method are not uniform in particle size. 
[0005] Therefore, to overcome the above disadvan- 
tage, a method of producing inorganic microspheres 
which comprises using the membrane-emulsified 
reversed micelle technique has been Proposed (Japa- 
nese Kokai Patent Publication No. 04-154605 (Japa- 
nese Patent Application No. 02-277507)). 
[0006] This method comprises injecting under pres- 
sure an aqueous solution of an inorganic compound into 
an organic solvent through a microporous membrane 
having a hydrophobic surface. The microspheres 
obtained by this method have a somewhat narrower 
particle size distribution. 

[0007] Nevertheless, the above production method 
using the membrane-emulsified reversed micelle tech- 
nique has the following disadvantages. 

1) The pores in the microporous membrane are 
winding and twisty within the membrane and, there- 
fore, the particle source material-containing aque- 
ous solution travels several centimeters through the 
pores from its entering the microporous membrane 
to its leaving the same. This causes a great pres- 
sure loss in the microporous membrane, in particu- 
lar when inorganic microspheres having a small 
particle size or when an aqueous starting material 
solution having a high viscosity is used, the produc- 
tion per unit time becomes very low. 

2) The standard deviation, on the volume basis, for 
the particle size distribution of the particles 
obtained is much narrower as compared with the 
method not relying on the membrane-emulsified 
reverse micelle technique but still corresponds to 
20-50% of the mean particle size. Such variability, 
which is due to the variability in the micropore size 
in the microporous membrane and the variability in 
the shape of the pore opening edge on the mem- 



brane surface, is still great and unsatisfactory. 
3) The alkali contained in the aqueous source 
material solution damages the microporous mem- 
brane, for example causes peeling of the hydropho- 
5 bic layer provided on said microporous membrane, 
hence the service life of said membrane is as short 
as several hours to scores of hours. 

[0008] EP-A-0 481 892 describes the production of 

w inorganic microspheres by injecting an aqueous solu- 
tion of a compound, selected from among halides of 
alkaline earth metals, inorganic acids, organic acids, 
ammonium salts or inorganic acids, ammonium salts of 
organic acids and carbonates of alkali metals, admixed 

75 with an aqueous solution of an inorganic salt of the cop- 
per or iron family of elements, into an organic solvent 
using a hydrophobic membrane. 
[0009] Another known method of producing inorganic 
microspheres is the so-called sol-gel method, as 

20 described in E. Barringer et al.: Ultrastructure Process- 
ing of Ceramics, Glasses, and Composites, John Wiley 
& Sons, New York (1984), pages 315-333. 
[001 0] Said method comprises injecting a sol contain- 
ing a particle source material before polymerization into 

25 an organic solvent to form sol emulsion particles and 
then promoting the polymerization reaction to thereby 
cause gelation and precipitation of the sol emulsion par- 
ticles. 

[001 1 ] In this method, too, the variability in the particle 
30 size of the inorganic microspheres obtained is great and 
this offers a problem. 

OBJECTS OF THE INVENTION 

35 [001 2] ft is an object of the present invention to solve 
the above problems and provide microspheres having a 
narrow particle size distribution and a method of pro- 
ducing said microspheres in a simple and easy manner 
continuously for a long period of time. 

40 

SUMMARY OF THE INVENTION 

[0013] In an aspect thereof, the invention provides a 
method of producing uniform inorganic microspheres 
45 with a particle size of 0.01 to 500 urn by injection an 
aqueous solution of a silica sol containing a water-solu- 
ble organic macromolecular compound into an organic 
solvent, 

so said method comprising injecting said aqueous 
solution into said organic solvent through a macro- 
molecular membrane which has through pores sub- 
stantially uniform in pore size and extending in the 
direction of thickness and has a hydrophobic sur- 

55 face, to thereby form, in said organic solvent, a 
large number of sol emulsion particles substantially 
uniform in size in said organic solvent and then pro- 
moting the polymerization reaction to thereby con- 
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vert said sol emulsion particles to uniform silica gel 
particles, which are microsphere precursors, and 
subjecting said silica gel particles to washing with 
water, calcination and drying. 

[001 4] In accordance with another aspect of the inven- 
tion, uniform inorganic microspheres are provided 
which are uniform in pore size and produced by inject- 
ing a silica sol containing a water-soluble organic mac- 
romolecular compound into a organic solvent through a 
macromolecular membrane which has through pores 
substantially uniform in pore size and extending in the 
direction of thickness and has a hydrophobic surface, to 
thereby form, in said organic solvent, emulsion particles 
of the sol, promoting the polymerization reaction for 
gelation of said emulsion particles to give fine silica gel 
particles, and subjecting said silica gel particles to 
washing with water, drying and calcination. 
[0015] In a third aspect, the invention provides a 
method of producing uniform inorganic microspheres 
uniform in pore size which comprises injecting a silica 
sol containing a water-soluble organic macromolecular 
compound into an organic solvent through a macromo- 
lecular membrane which has through pores substan- 
tially uniform in pore size and extending in the direction 
of thickness and has a hydrophobic surface, to thereby 
form emulsion particles of the sol in said organic sol- 
vent, then promoting the polymerization reaction for 
gelating said emulsion particles to thereby form fine sil- 
ica gel particles, which are precursors to microspheres, 
and thereafter subjecting said fine silica gel particles to 
washing with water, drying and calcination. 
[0016] In a fourth aspect, the invention provides uni- 
form inorganic microspheres which are produced from 
emulsion particles in an organic solvent as prepared by 
injecting an aqueous solution containing a microsphere- 
forming material into the organic solvent through a 
hydrophobic membrane made of a synthetic resin such 
as a poiyimide, polyethylene terephthaJate or a fluor- 
oresin and provided with through pores substantially 
uniform in pore size and extending in the direction of 
thickness by irradiation with laser beams not more than 
355 nm in wavelength. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Fig. 1 schematically illustrates a production appara- 
tus to be used in an embodiment of the invention. 
Fig. 2 schematically illustrates a production appara- 
tus used in a comparative example. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 8] The pressure loss within the membrane can be 
much reduced by injecting the aqueous solution which 
contains a particle-forming material into the organic sol- 
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vent through a macromolecular membrane that has 
through pores substantially uniform in pore size and 
extending in the direction of thickness. Suppose that a 
membrane having a pore opening diameter of 0.5 jim 

5 and a thickness of 15 jim is used, then the path length 
along the pore would be substantially the same as the 
membrane thickness, i.e. 15 jtim in the case of the mac- 
romolecular membrane to be used in accordance with 
the invention while the path length along the pore would 

10 be about 1 cm in the case of conventional microporous 
membranes. Thus, if the pore density is identical, the 
pressure loss would be as small as about one six hun- 
dredth. Such decrease in pressure loss can lead to an 
increase in the productivity of uniform inorganic micro- 

75 spheres (cf. Claim 1). 

[0019] The thickness of the macromolecular mem- 
brane to be used is not critical but should preferably be 
5 to 2,000 times the pore size, more preferably 30 to 
500 times the pore size. When the thickness of the mac- 

20 romolecular membrane is less than 5 times the pore 
size, a sufficient laminar flow will not be formed within 
the pore but the outlet flow is influenced by the inlet flow. 
Conversely, when said thickness is more than 2,000 
times the pore size, the pressure loss will be too great 

25 (cf. Claim 2). 

[0020] By mixing the organic solvent containing a 
large number of emulsion particles formed therein with 
an aqueous solution containing a precipitant capable of 
precipitating the emulsion particles, followed by drying 

30 and calcining the resulting water-insoluble precipitate, it 
is possible to produce uniform inorganic microspheres 
from said emulsion particles on the one emulsion parti- 
cle-to-one microsphere basis in a very easy manner 
and at a low cost (cf. Claim 3). 

35 [0021] The aqueous solution containing the particle- 
forming material is not particularly limited in kind but 
should preferably be an aqueous solution of a basic salt. 
The use of a basic salt-containing aqueous solution is 
advantageous in that the precipitation reaction can pro- 

40 ceed smoothly (cf. Claim 4). 

[0022] Said basic salt is not critical in kind but should 
preferably be an alkali metal silicate, which is highly sol- 
uble (cf. Claim 5). 

[0023] For converting the emulsion particles formed in 
45 the organic solvent in large numbers to microspheres, 
two methods are available. As mentioned above, one 
comprises adding a precipitant to the organic solvent 
containing emulsion particles to thereby cause forma- 
tion of a particle precursor precipitate and calcining or 
so drying this precipitate at a high temperature to obtain 
microspheres. Another method comprises converting a 
sol containing a prepolymerization particle-forming 
material to sol emulsion particles in the organic solvent, 
then promoting the polymerization reaction to thereby 
55 cause gelation and precipitation of said sol emulsion 
particles and drying and calcining the resulting precipi- 
tate. 

[0024] As compared with the former method, the latter 
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method is advantageous in that the uniform inorganic 
microspheres obtained have a very low impurity level. 
Thus, in the water glass-NH 4 C0 3 system, for instance, 
not less than 0.3% of Na remains in microspheres in the 
conventional methods while the above-mentioned sol- 5 
gel method can produce Si0 2 microspheres having a 
purity of 99.9%. Another advantage is that the micro- 
pore size distribution becomes narrower (i.e. the micro- 
pore size becomes uniform). Therefore, the thus- 
obtained microspheres are suited for use as packings 10 
for liquid chromatography, for instance (cf. Claim 6). 
[0025] When a silica sol is used as the particle-form- 
ing material sol, the microspheres obtained are Si0 2 
having good heat resistance and can suitably be used, 
for example, as tracer particles for measuring the rate of 15 
flow of a high-temperature fluid (cf. Claim 7). 
[0026] As the means for promoting the polymerization 
reaction mentioned above, there may be mentioned 
heating, addition of a polymerization accelerator, and 
irradiation of light 20 
[0027] When uniform inorganic microspheres are pro- 
duced using a silica so! supplemented with a water-sol- 
uble organic macromolecular compound, the micropore 
size distribution in the uniform inorganic microspheres 
can be made more narrower (uniformity of the micro- 25 
pore size) and the thus-obtained microspheres are 
porous and spherical Si0 2 particles substantially uni- 
form in micropore size (cf. Claim 8). 
[0028] When a macromolecular membrane having 
through pores formed by irradiation with a corpuscular 30 
beam is used, the microspheres obtained have a much 
sharper particle size distribution as compared with the 
products obtained by using conventional microporous 
membranes, since the through pores in said macromo- 
lecular membrane show a narrow pore size distribution 35 
(at least 99% falling within the range of ±1 0%) (cf. Claim 
9). 

[0029] When laser beam irradiation is employed for 
forming through pores, the through pores show a still 
narrower pore size distribution (at least 99% falling 40 
within the range of ±1%), although the cost may be 
increased as compared with the use of a corpuscular 
beam. Thus, the microspheres obtained naturally show 
a still narrower particle size distribution. 
[0030] When a laser beam is used, the film thickness 45 
should desirably be not more than 10 times the pore 
size. It is desirable that the perforation be carried out 
using an excimer laser and producing, on said macro- 
molecular membrane, an image of a pattern on a mask 
by means of a stepper (scale-down exposure apparatus so 
for semiconductors), although any other appropriate 
method may also be used (cf. Claim 10). 
[0031 ] Particularly when a laser beam of a short wave- 
length not longer than 355 nm is used, the shape of the 
pore opening edge of the macromolecular membrane 55 
surface will not become vague or irregular, so that the 
above-mentioned effects can be produced to a greater 
extent (a short wavelength laser beam does not perfo- 



rate the membrane thermally but perforates the same 
by cleaving chemical bonds and, therefore, the pore 
opening edge on the macromolecular membrane sur- 
face can have its proper shape; cf. Claim 11). 
[0032] Uniform inorganic microspheres, when pro- 
duced by using a macromolecular membrane provided 
with through pores by irradiation with a laser beam of a 
wavelength not longer than 355 nm, show a very narrow 
particle size distribution, with a volume-based standard 
deviation of not more than 10% of the mean particle 
size. 

[0033] The particle-forming material-containing aque- 
ous solution to be used in the practice of the invention is 
an aqueous solution containing at least one inorganic 
compound selected from the class consisting of alkali 
metal silicates, carbonates, phosphates and sulfates, 
alkaline earth metal halides, and sulfates, chlorides and 
nitrates of copper group and iron group elements and 
having a concentration of from 0.3 mol/liter up to satura- 
tion. 

[0034] When the macromolecular membrane to be 
used is itself hydrophobic, any treatment to render it 
hydrophobic is not needed. Thus, a membrane made of 
such a synthetic resin as a polyimide, polyethylene 
terephthalate or a fluororesin (e.g. Teflon, registered 
trademark of du Pont), which is already hydrophobic, 
need not be treated for rendering it hydrophobic. Such a 
membrane is resistant to alkalis, so that is is not neces- 
sary to have concern about chemical degradation. If, 
however, the membrane is lacking in hydrophobicity, it 
should be treated for rendering the surface thereof 
hydrophobic. 

[0035] The means for rendering the membrane sur- 
face hydrophobic is not limited to any particular one but 
may include the application of silicone materials such as 
thermosetting silicone oils (e.g. dimethylpolysiloxane, 
methylhydrogenpolysiloxane), silicone emulsions and 
silicone resins, silane coupling agents such as methyrt- 
rimethoxysilane, hexamethyldisilane, vinyltrimethoxysi- 
lane and trimethylchlorosilane, cyclic silicon 
compounds such as dihydrogenhexamethylcyclotet- 
rasiloxane and trihydrogenperrtamethylcy- 
clotetrasiloxane, titanate coupling agents such as 
isopropyl tristearoyl titanate and isopropyl tri(N-aminoe- 
thyl) titanate, aluminum-based coupling agents such as 
acetoalkoxyaluminum di isopropyl ate, fluorosilicone 
coating compositions, fluorine-containing coating com- 
positions, and the like, inclusive of plasma polymeriza- 
tion of siloxanes. 

[0036] The organic solvent to be used in the practice 
of the invention is not limited to any particular species. 
However, an organic solvent having a solubility in water 
of not more than 5% should preferably be used. Specific 
examples of such organic solvent are listed below. 
[0037] Aliphatic hydrocarbons, such as n-hexane, iso- 
hexane, n-heptane, isoheptane, n-octene, isooctene, 
gasoline, petroleum ether, kerosene, benzine, mineral 
spirit, etc. 
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[0038] Alicyclic hydrocarbons, such as cyclopentane, 
cyclohexane, cyclohexene, cyclononane, etc. 
[0039] Aromatic hydrocarbons, such as benzene, tol- 
uene, xylene, ethylbenzene, propylbenzene, cumene. 
mesitylene, tetralin, styrene, etc. 5 
[0040] Ethers, such as propyl ether, isopropyl ether, 
etc. 

[0041 ] Halogenated hydrocarbons, such as methylene 
chloride, chloroform, ethylene chloride, trichloroethane, 
trichloroethylene, etc. 

[0042] Esters, such as ethyl acetate, n-propyl acetate, 
isopropyl acetate, n-butyl acetate, isobutyl acetate, n- 
amyl acetate, isoamyl acetate, butyl lactate, methyl pro- 
pionate, ethyl propionate, butyl propionate, methyl 
butyrate, ethyl butyrate, butyl butyrate, etc. 
[0043] The organic solvents mentioned above may be 
used either singly or in combination as a mixture of two 
or more of them. 

[0044] A surfactant may be incorporated in the above 
organic solvent. Said surfactant is not limited to any par- 
ticular species provided that it should be nonionic. Pre- 
ferred examples are listed below. 
[0045] Polyoxyethylenesorbitan aliphatic esters, such 
as polyoxyethylenesorbitan monolaurate, polyoxyeth- 
ylenesorbitan monopalmitate, polyoxyethylenesorbitan 
monostearate, polyoxyethylenesorbitan tristearate, 
polyoxyethylenesorbitan monooleate, polyoxyethylene- 
sorbitan trioleate, polyoxyethylenesorbitan stearate, etc. 
[0046] Polyoxyethylene higher alcohol ethers, such as 
polyoxyethylene lauryl ether, polyoxyethylene cetyl 
ether, polyoxyethylene stearyl ether, polyoxyethylene 
oleyl ether, polyoxyethylene octylphenol ether, polyox- 
yethylene nonylphenol ether, etc. 
[0047] Polyoxyethylene aliphatic esters, such as poly- 
oxyethylene glycol monolaurate, polyoxyethylene glycol 
monostearate, polyoxyethylene glycol stearate, polyox- 
yethylene glycol monooleate, etc. 
[0048] Glycerol aliphatic esters, such as stearic acid 
monoglyceride, oleic acid monoglyceride, etc. 
[0049] Polyoxyethylenesorbitol aliphatic esters, such 
as polyoxyethylenesorbitol tetraoleate, etc. 
[0050] The surfactants mentioned above may be used 
either singly or in combination as a mixture of two or 
more of them. The surfactant addition level is preferably 
not more than about 10% by weight, more preferably 
about 0. 1 to 3% by weight, on the organic solvent basis. 
[0051] The precipitant-containing aqueous solution 
capable of causing precipitation of emulsion particles 
includes, but is not limited to, aqueous solution contain- 
ing at least one member of the class consisting of alka- 
line earth metal halides, inorganic acids, organic acids, 
inorganic acid ammonium salts, organic acid ammo- 
nium salts and alkali metal carbonates. Specific exam- 
ples are aqueous solution of ammonium bicarbonate, 
ammonium sulfate, potassium chloride or potassium 
hydrogen carbonate. 

[0052] The aqueous solution mentioned above should 
preferably have a concentration of 0.05 mol/liter to satu- 



ration concentration, more preferably 0. 1 to 2.0 mol/liter. 
[0053] The water-soluble macromolecular organic 
compound is not limited to any specific species but may 
includes polyethylene glycol, sodium polystyrenesul- 
fonate, polyacryiic acid, polyacrylamide, polyethylen- 
imine, polyethylene oxide, polyvinylpyrrolidone, etc. 
[0054] The corpuscular beam for producing the mac- 
romolecular membrane to be used in accordance with 
the invention may be a neutron beam, electron beam or 
alpha particle beam, for instance. 
[0055] Macromolecular membranes made of a poly- 
carbonate or polyester, which have through pores pro- 
duced by corpuscular beam irradiation followed by 
etching with an aqueous alkali solution are available 
from General Electric Co. (trademark: Nuropore Filter; 
distributed in Japan by Nomura Micro Science) and they 
can be used as the macromolecular membrane in the 
practice of the invention. Among them, polyester mem- 
branes, which are superior in chemical resistance, are 
preferred. 

[0056] The uniform inorganic microspheres produced 
by the method of the present invention can be used as 
packings for liquid chromatography, as already men- 
tioned hereinbefore, and further can be used as pack- 
ings for gas chromatography, spacers for liquid crystal 
display devices, seeding particles for laser Doppler flow 
meters and other visualizing tracer particles, among 
other. 

[0057] Furthermore, they can be used widely in vari- 
ous fields as inorganic microcapsule wall materials for 
attaining sustained release of perfumes, dyes, biocides, 
insecticides, insect and beast repellents, vitamins, food, 
nutrients, drugs, deodorants, adhesives, liquid crystals 
and the like, that are encapsulated therein. 
[0058] It is also possible to produce colored micro- 
spheres by encapsulating a colored substance, such as 
a pigment or dye, therein. Such colored microspheres 
can be used as additives for cosmetics, inks an plastics. 
They are further expected to show excellent perform- 
ance characteristics as magnetic tape constituents and 
as catalysts. 

EFFECTS OF THE INVENTION 

[0059] The production method of the present invention 
makes it possible to produce uniform inorganic micro- 
spheres with markedly increased productivity. 
[0060] The uniform inorganic microspheres produced 
by the method of the invention show a marked improve- 
ment in the uniformity in particle size and thus show a 
very narrow particle size distribution. 
[0061] When they are produced using a hydrophobic 
membrane made of a polyimide or the like, the mem- 
brane, even when the aqueous solution contains an 
alkali, for instance, is fairly free form being damaged, 
unlike in the prior art methods, and can be used for a 
prolonged period of time. In such case, any starting 
material-containing aqueous solution may be used with- 
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out particular limitation. 

[0062] The pore size of the thus-producible uniform 
inorganic microspheres can be controlled by adding a 
water-soluble organic macromolecular compound to the 
aqueous solution containing the microsphere-forming 5 
material. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0063] The following working examples and compara- 10 
tive examples illustrate the invention in further detail but 
are by no means limitative of the scope of the invention. 



E X AMPLE 1 



[0064] A thin membrane (trademark: Nuropore Filter; 
manufactured by General Electric Co.) having a large 
number of through pores substantially uniform in pore 
size and extending in the direction of thickness as pro- 
vided by corpuscular beam irradiation followed by etch- 20 
ing the resultant defects with an aqueous alkali solution 
was dried at 1 10°C for 24 hours and then subjected to 
silane coupling treatment by immersing in a 10% (by 
weight) solution of triethylchlorosilane in toluene at room 
temperature to thereby render the surface of said thin 25 
membrane hydrophobic. The thus-treated thin mem- 
brane had a pore size of 0.20 juun and a thickness of 15 
Jim. 

[0065] An emulsification apparatus, as shown in Fig. 
1, was equipped with the above thin membrane as a 30 
macromolecular membrane, and a 4% aqueous solu- 
tion of sodium silicate was introduced, under pressure, 
into 800 ml of a 20 g/liter solution of polyoxyethyl- 
ene(20)sorbitan trioleate in hexane through a syringe 
pump at a feeding rate of 1 g/crr^/min. and at a temper- 35 
ature of 25°C. A large number of emulsion particles 
were formed in the hexane solution. 
[0066] Brief mentioned is now made of the apparatus 
shown in Fig. 1. The reference 10 indicates a syringe- 
type metering pump portion. A macromolecular mem- 40 
brane 12 is mounted on the head portion of said 
syringe-type metering pump portion 10. The reference 
number 14 indicates a supporting net for supporting 
said macromolecular membrane 12. The reference 
number 16 indicates a tubular reaction vessel and is 45 
connected with the syringe-type metering pump 10. The 
reference number 20 indicates a feed pipe and can feed 
an organic solvent 25 from an organic solvent beaker 24 
into said reaction vessel 16 through a metering pump 
22. An aqueous solution 1 1 containing a particle-form- so 
ing material can be poured quantitatively into the 
organic solvent 25 in the reaction vessel 16 through the 
syringe-type metering pump portion 10 mentioned 
above. A large number of emulsion particles are formed 
in said organic solvent and the organic solvent contain- 55 
ing said emulsion particles is returned from the reaction 
vessel 16 to the organic solvent beaker 24 through an 
outlet pipe 26. 



[0067] A solution containing a large number of emul- 
sion particles as produced in the above manner was 
added to 1 liter of a 1 .5 mol/liter solution of ammonium 
bicarbonate, whereupon a water- insoluble precipitate 
gradually formed. After 2 hours of standing, the result- 
ing mixture is filtered, and the solid phase was washed 
with water and then with methanol and dried at 1 10°C 
for 24 hours to give silica microspheres. 
[0068] The silica microspheres obtained had an aver- 
age particle size of 1.2 \Lm, with a volume-based stand- 
ard deviation of 0.2 \xm. 

[0069] The membrane could be used for at least 30 
hours. 
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[0070] Silica microspheres were produced under the 
same conditions as employed in Example 1 except that 
an emulsifying apparatus as shown in Fig. 2 was 
equipped with a cylindrical microporous membrane 
made CaO-B 2 0 3 -Si02-Na20-MgO glass and having an 
average pore size of 1 .05 ^m. 
[0071] In Fig. 2, the reference numbers respectively 
indicate the following: 31 - cylindrical glass-made micro- 
porous membrane, 32 - module, 33 - pump, 34 - 
manometer, 35 - oil phase line, 36 - aqueous phase line, 
37 - oil phase tank, 38 - aqueous phase tank, 39 - tank 
for pressurization, and 40 - pressure gage. 
[0072] The silica microspheres obtained had an aver- 
age particle size of 3.8 Jim, with a volume-based stand- 
ard deviation of 0.8 |im. 

[0073] The microspheres contained about 0.5% of Na 
and showed a considerably broad pore size distribution 
with a center at about 200 angstroms. 

COMPARATIVE EXAMPLE 2 

[0074] Silica microspheres were produced under the 
same conditions as employed in Comparative Example 
1 except that a cylindrical glass-made microporous 
membrane with an average pore size of 0.4 \im was 
used. 

[0075] The silica microspheres obtained had an aver- 
age particle size of 1.2 urn, with a volume-based stand- 
ard deviation of 0.4 fim. 

[0076] In this example, the rate of emulsification per 
unit area was about one twentieth of that in Example 1, 
and the pressure loss was about 100-fold greater. 

EXAMPLE 2 

[0077] A polyimide film having a thickness of 1 0 \x\r\ 
was irradiated with a KrF excimer laser beam (wave- 
length 251 nm) for providing the film with pores 1.10 jim 
in diameter. The emulsifying apparatus shown in Fig. 1 
was equipped with the thus-perforated film, and micro- 
spheres were produced using said apparatus. 
[0078] The organic solvent used was a solution (20 
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g/Iiter) of poiyoxyethylene(20)sorbitan trioleate in hex- 
ane. 

[0079] The aqueous solution used was a solution pre- 
pared by adding 1.0 mole of tetraethoxysilane, 2.2 
moles of methanol, 1 .0 mole of dimethylformamide and 
4 x 1 0" 4 moles of ammonia to 1 0 moles of water. 
[0080] After emulsification at 5°C, the resultant emul- 
sion was ref luxed for 30 hours, whereby emulsion parti- 
cles formed in the organic solvent gelated and 
precipitated. The precipitate was dried and then cal- 
cined at 800°C to give silica microspheres uniform in 
particle size. 

[0081] The silica microspheres obtained had an aver- 
age particle size of 3.10 jxm, with a volume-based 
standard deviation of 0.10 |xm. The pore size distribu- 
tion was narrow, covering the rang of 60 to 300 ang- 
stroms. 

[0082] The macromolecular membrane mentioned 
above could be used for a total of at least 300 hours. 

EXAMPLE 3 

[0083] Silica microspheres were produced under the 
same conditions as used in Example 2 except that 0.1 
mole of polyethylene glycol, a water-soluble organic 
macromoiecule, was added to the aqueous solution 
used. 

[0084] The silica microspheres obtained had an aver- 
age particle size of 3.02 |im, with a standard deviation 
of 0.10 jim. The pore size distribution of the pores 
formed was very narrow, with a center at 450 ang- 
stroms. 

[0085] The pore size could be controlled by varying 
the concentration of polyethylene glycol. 

Claims 

1. A method of producing uniform inorganic micro- 
spheres with a particle size of 0.01 to 500 jim which 
comprises injecting a silica sol containing a water- 
soluble organic macromolecular compound into an 
organic solvent through a macromolecular mem- 
brane which has through pores substantially uni- 
form in pore size and extending in the direction of 
thickness and has a hydrophobic surface to form 
sol emulsion particles substantially uniform in size 
in said organic solvent, then promoting the polym- 
erization reaction to thereby convert said sol emul- 
sion particles to uniform silica gel particles, which 
are microsphere precursors, and subjecting said 
silica gel particles to washing with water, drying and 
calcination. 

2. A method of producing uniform inorganic micro- 
spheres as claimed in Claim 1 , wherein said macro- 
molecular membrane has a thickness 5 to 2,000 
times the pore size. 



3. A method of producing uniform inorganic micro- 
spheres as claimed in Claim 1 or 2, wherein the 
emulsion particle-containing organic solvent is 
mixed with an aqueous solution containing a pre- 

5 cipitant capable of causing precipitation of the 
emulsion particles and the resulting water-insoluble 
precipitate is dried and calcined. 

4. A method of producing uniform inorganic micro- 
10 spheres as claimed in any of the Claims 1 to 3, 

wherein the aqueous solution used to give emul- 
sion particles is an aqueous solution of a basic salt. 

5. A method of producing uniform inorganic micro- 
15 spheres as claimed in Claim 4, wherein said basic 

salt is an alkali metal silicate. 

6. A method of producing uniform inorganic micro- 
spheres as claimed in Claim 1 or 2, wherein the 

20 aqueous solution to give emulsion particles is a sol 
of the particle-forming material and wherein said 
sol is injected into the organic solvent and the 
resulting sol emulsion particles are caused to 
gelate by promoting the polymerization reaction 

25 and the thereby formed particle precursor precipi- 
tate is dried and calcined. 

PatentansprOche 

30 1 . Verfahren zur Herstellung von gleichfOrmigen anor- 
ganischen Mikrokugelchen mit einer TeilchengrOBe 
von 0,01 bis 500 \im, welches das Einspritzen eines 
Kieselsauresols, das eine wasserlosliche organi- 
sche makromolekulare Verbindung enthalt, in ein 

35 organisches LOsungsmittel durch eine makromole- 
kulare Membran, die durchgehende Poren mit im 
wesentlichen gleichfOrmiger PorengroBe, die sich 
in Richtung der Dicke erstrecken und eine hydro- 
phobe Oberflache aufweist, unter Bildung von 

40 Emulsionsteilchen des Sols mit im wesentlichen 
gleichffirmiger GrOBe in dem organischen 
L&sungsmittel, das anschlieBende Starten der 
Polymer isationsreaktion, urn dadurch die Emulsi- 
onsteilchen des Sols in gleichfOrmige Kieselsaure- 

45 gelteilchen umzuwandeln, die Vorlaufer fur die 
Mikrokugelchen sind, und das Waschen mit Was- 
ser, Trocknen und Kalzinieren der Kieselsauregel- 
teilchen umfaBt. 

so 2. Verfahren zur Herstellung von gleichfOrmigen anor- 
ganischen Mikrokugelchen gernaB Anspruch 1, 
wobei die makromolekulare Membran eine Dicke 
entsprechend dem 5- bis 2000-fachen der Poren- 
grOBe hat. 

55 

3. Verfahren zur Herstellung von gleichfOrmigen anor- 
ganischen Mikrokugelchen gernaB Anspruch 1 
Oder 2, wobei die makromolekulare Membran eine 
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aus einem synthetischen Harz, vorzugsweise 
einem Polycarbonat Oder Polyester, gebildete 
Membran ist, die durchgehende Poren mit im 
wesentlichen gleichfdrmiger PorengrGBe, welchen 
sich in Richtung der Dicke erstrecken, aufweist, wie 5 
sie durch Bestrahlung mit Korpuskularstrahlung, 
wie Neutronenstrahlung, und nachfolgendes Atzen 
der gebildeten Defekte mit waBriger Alkalilosung 
gebildet werden, und eine hydrophobisch 
gemachte Oberf lache hat. 10 

4. Verfahren zur Herstellung von gleichfOrmigen anor- 
ganischen Mikrokugelchen gemaB Anspruch 1 
Oder 2, wobei die makromolekuare Membran eine 
hydrophobe Membran aus einem synthetischen 15 
Harz, vorzugsweise einem Polyimid, Polyethylen- 
terephthalat oder einem fluorierten Harz ist, die 
durchgehende Poren mit im wesentlichen gleichfOr- 
miger PorengrdBe, die sich in Richtung der Dicke 
erstrecken, aufweist, wie sie durch Bestrahlen mit 20 
Laserstrahlen gebildet werden. 

5. Verfahren zur Herstellung von gleichfOrmigen anor- 
ganischen Mikrokugelchen gemaB Anspruch 4, 
wobei die Laserstrahlung eine Wellenlange von 25 
nicht mehr als 355 nm hat. 

6. GleichfOrmige anorganische Mikrokugelchen, 
erhaltlich nach dem Verfahren gemaB einem der 
Anspruche 1 bis 5. 30 

Revendications 



uniformes selon la revendication 1 ou 2, dans 
lequel ladite membrane macromoleculaire est une 
membrane faite d'une r6sine synthetique, de prefe- 
rence un polycarbonate ou un polyester, laquelle 
membrane presente des pores traversants ayant 
une taille de pores pratiquemerrt uniform e et s'eten- 
dant dans le sens de I'epaisseur tels que formes 
par irradiation avec un faisceau corpusculaire, tel 
un faisceau de neutrons, (Irradiation etant suivie de 
I'attaque des defauts resultants avec une solution 
aqueuse alcaline, et presente une surface rendue 
hydrophobe. 

Proc6de de production de microspheres minerales 
uniformes selon la revendication 1 ou 2, dans 
lequel la membrane macromoleculaire est une 
membrane hydrophobe faite d'une resine syntheti- 
que, de preference d'un polyimide, d'un 
poly(terephtalate d'6thylene) ou d'une resine fluo- 
ree, laquelle membrane presente des pores traver- 
sants ayant une taille de pores pratiquement 
uniforme et s'etendant dans le sens de I'epaisseur 
tels que formes par irradiation avec un rayon laser. 

Proc6de de production de microspheres minerales 
uniformes selon la revendication 4, dans lequel le 
rayon laser presente une longueur d'onde ne 
depassant pas 355 nm. 

Microspheres minerales uniformes telles que pro- 
duces conform6ment au procede selon Tune quel- 
conque des revendications 1 a 5. 



1 . Procede de production de microspheres minerales 
uniformes presentant une taille de particules de 
0,01 a 500 jim qui comprend les etapes consistant 
a injecter un sol de silice contenant un compost 
macromoleculaire organique soluble dans I'eau 
dans un solvant organique a travers une membrane 
macromoleculaire qui presente des pores traver- 
sants ayant une taille de pores pratiquement uni- 
forme et s'etendant dans le sens de I'epaisseur et 
qui a une surface hydrophobe pour former des par- 
ticules de sol en emulsion de taille pratiquement 
uniforme dans, ledit solvant organique, puis a acti- 
ver la reaction de polymerisation pour transformer 
ainsi lesdites particules de sol en emulsion en par- 
ticules de gel de silice uniformes, qui sont des pre- 
curseurs de microspheres, et a soumettre lesdites 
particules de gel de silice a un lavage a I'eau. a un 
sechage et a une calcination. 



35 



40 



45 



50 



2. Precede de production de microspheres minerales 
uniformes selon la revendication 1, dans lequel 
ladite membrane macromoleculaire presente une 55 
epaisseur de 5 a 2000 fois la taille des pores. 

3. Procede de production de microspheres minerales 
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